Discarding fish has been a part of the fisheries for centuries but it has been very difficult to monitor how much is discarded, especially in areas where it is an illegal activity. In this study the ecological and economic effects of discarding were investigated using the Atlantis model for Icelandic waters. Five different scenarios were compared, using different discarding rates and selectivities. The results showed that a complete stop of discarding fish (cod and haddock) and landing everything instead had little ecological and economic impact. Improved selectivity, which would result in not catching the fish that would be discarded, had great beneficial economic effects. The increase in biomass led to higher landings, which consequently led to higher revenue. Also, the cost decreased with increasing biomass, which increased the profit of the fisheries. None of the five scenarios had great ecological effects but only discarding of cod and haddock, which have low discard rates, were considered in this study.
INTRODUCTION
Discarding has been a part of fisheries for centuries and is still carried out even where there is a discard ban (Alverson et al. 1994 , Pálsson 2002 . Fishers usually discard fish for economic reasons or to comply with regulations (Kelleher 2005 , Eliasen et al. 2014 . For example, they discard small target species to 1) increase revenue where larger fish have a higher price, or 2) avoid penalties from minimum landing size requirements. They also discard non-target species that 1) have no commercial value or, 2) are not subject to quotas.
The fisheries management system in Iceland aims to reduce discards by enforcing a discard ban but also to make the system flexible to increase compliance by using a transferable quota between species and years (Woods et al. 2015) . Also, fish under the minimum size can be landed without counting towards the quota up to a certain limit. The minimum mesh size of bottom trawl was also increased during the last century in order to change selectivity (Pálsson 2002) , and real-time closures were also implemented to reduce catches and subsequent discarding of small fish (Schopka 2007) . However, despite all these mitigations discarding still occurs in Icelandic waters (Pálsson et al. 2012) .
It is very difficult to monitor discarding, especially where it is illegal to discard fish (Rochet and Trenkel 2005, Benoît and Allard 2009) . It has, however, been attempted to estimate discards in Icelandic waters and the emphasis has been on cod Gadus morhua and haddock Melanogrammus aeglefinus (Pálsson 2002 , Páls-son et al. 2012 . The method used for Icelandic waters gives estimates of the minimum discard rate, which has been estimated to be 0.2%-2.4% and 1.0%-4.8% of weight from 2001-2010 for cod and haddock, respectively (Pálsson et al. 2012) , but the discard rate of haddock was estimated to be 8%-22% late last century (Pálsson 2002) .
The practice of discarding is generally viewed as a waste of valuable resources. It is often ignored in stock assessment models, leading to underestimation of fishing mortality, which can have effects on the predictions of the models (Alverson et al. 1994) . The ecological impacts of discarding are not well known but discard mortality, just like fishing mortality, can affect predator-prey relationships, which can potentially have a cascading effect through the food web (Alverson et al. 1994) . Scavenging species such as some seabirds (e.g. the northern fulmars Fulmarus glacialis in Icelandic waters) have become dependent on discards (Lilliendahl and Sólmundsson 1997) . Discarding also has economic impacts (Pascoe 1997) . Discarding of commercial species results in less revenue for the fisheries but can be economically beneficial for individual fishers. Discarding species other than the target species can have negative economic effects on other types of fisheries that could otherwise utilize these resources. There is also a cost associated with sorting and discarding by-catch, which should be an incentive for fishers to try to avoid unwanted catch.
Multi-species and ecosystem models can be helpful for exploring the potential ecological and economic impacts of discarding. Hollowed et al. (2000) compared single-species models to multi-species models and concluded that the latter have the advantage of more realistic natural mortality and growth rates, as species interactions are included. Increasing mesh size in single-species and multi-species models can have contradictory results if increased mesh size leads to increased stock size of predators (Pope 1991) resulting in higher predation mortality, which could then actually result in lower total yield with increasing mesh size. This change in predation mortality would, however, be overlooked by single-species models, which would predict higher yield with increased mesh size (Pope 1991) . With ecosystem models the effect of the landing obligation and improved selectivity can be explored for the whole ecosystem (Heath et al. 2014) . Environmental factors also influence growth and survival of species but are usually excluded from multi-species model (Hollowed et al. 2000) .
The end-to-end model Atlantis incorporates both species interactions and environmental factors such as oceanographic conditions and is designed for management strategy evaluation studies (Fulton et al. 2011) . The Atlantis modelling framework contains biophysical and fisheries modelling components and management and monitoring components, and it can also incorporate a socio-economic component. Atlantis models can vary in complexity, from relatively simple ecosystem models with few functional groups to models with a complex food web structure and dynamic fisheries models with economic drivers. The groups in the model can have a detailed age-structure and the model tracks the weight and number of each age class. It is therefore an ideal platform for testing alternative management strategies and scenarios and analysing their effects on the whole ecosystem. It has been used to test a number of management scenarios for different areas. It has, for example, been used to test management scenarios with different discarding regulations (Fulton et al. 2007 ), scenarios of gear shift to reduce by-catch (Kaplan et al. 2012 ) and different fishing pressure scenarios (Nyamweya et al. 2017) .
Selective fisheries should reduce discards (Bellido et al. 2011 ) and lead to more productive and economically profitable fisheries (Macher et al. 2008 , Colloca et al. 2013 ). Though measures have been taken during the last century to improve selectivity and reduce discards in Icelandic waters, there is still room for further improvements with new fishing gear and fishing practices. The effects on improved selectivity and less discarding for both the fisheries and the whole ecosystem have not been studied for Icelandic waters.
The aim of this study was to investigate the economic and ecological effects of 1) discarding more fish, 2) not discarding, i.e. 100% compliance with a discard ban, 3) avoiding discarded fish, i.e. more selective fisheries and hence no discards, and 4) knife-edged selectivity at the minimum landing size in the cod and haddock fisheries. The Atlantis model for Icelandic waters was used to explore these scenarios and compare them with a status quo scenario using economic and ecological indicators.
METHODS

The Atlantis model
An Atlantis model has been constructed for Icelandic waters and covers 1600000 km 2 .The ocean area has been divided into 51 spatial boxes and each box is further divided into layers (Fig. 1 ). The oceanographic model is forced with temperature, salinity and water fluxes that were calculated for each box and layer from a hydrodynamic model (Logemann et al. 2013 ). The resulting oceanographic data are available as inputs to Atlantis for each day from 1948 to 2012 and the time step of the model is 12 hours.
There are 52 functional groups in the model: 26 vertebrates of which 20 are fish groups, 5 mammals and 1 seabird group, 16 invertebrates, 5 primary producers, 2 bacteria and 3 detritus groups ( Table 1 ). The verte-brates can have up to ten age classes and their weight is divided into reserve weight, which is soft tissue, and structural weight, which is the bone structure. When the vertebrates die, the reserve weight goes into the labile detritus group, but the structural weight goes into the refractory detritus group. The third detritus group contains the discards that break down into the labile detritus group (Audzijonyte et al. 2017 ).
The consumption rates of the groups were modelled with the Holling type II function and the availability of each prey was adjusted to make the diet composition of each group resemble diet composition acquired from stomach content data sampled by the Marine and Freshwater Research Institute (MFRI) or diet composition from the literature Pálsson 2013, Gunnarsson et al. 1998 ). The 52 functional groups in the model make up a complex food web (Fig. 2) . Recruitment was modelled with the Beverton-Holt function for the fish groups but as a constant per adult for the mammal and seabird groups. Survey data from Each group has a fixed spatial distribution that can differ from one season to the next. Survey data from the MFRI and information from the literature (Jóns-son and Pálsson 2013) were used as a guideline to set the distribution of the groups. The distribution of the plankton groups is controlled by the water fluxes from the oceanographic model.
Fisheries are included in the model as a simple harvest rate for each group that is equal in all areas but is allowed to change between years. The harvest rate is then multiplied with selectivity of each age class to obtain the catch for the harvested groups. The selectivity (p ij ) of each age class i of each group j is modelled by a logistic curve which is based on length:
( 1) where m j is the length at 0.5 selectivity, b j controls the steepness of the curve for group j, and l ij is the length of age class i of group j. There are no interactions between the fisheries, i.e. changed fishing pressure for a group does not have any effect on the fisheries of another group. The simulated biomass and landings from the model were compared with biomass estimates from the MFRI and landing data (Anon. 2016) , and a skill assessment was carried out. The skill of the model was measured with three metrics: Pearson's correlation (r), the model reliability index (RI), and model efficiency (MEF, see Stow et al. 2009 for description of the metrics). The model was able to replicate historical time-series of both biomass and landings for the most important commercial groups. Simulated biomass and landings for cod and haddock had a high correlation with the observed data, and the difference in magnitude of biomass was on average 25% for cod and 27% for haddock (Fig. 3) . The MEF was positive for both groups, which means that the model gives a better fit than a straight line through the average of the data points.
The discard model
Only discarding of cod and haddock were assumed in the model and the discard rate was based on estimates from the MFRI (Pálsson 2002 , Pálsson et al. 2012 . Discarding of other groups occurs in Icelandic waters but has not been researched as much (Pálsson et al. 2003a ) and is therefore excluded from the model at this time. The discards of cod and haddock were modelled as proportion discarded of each age class and was based on work done by Pálsson et al. (2012) . All catch of the first age class was discarded for both groups, but 20% and 30% of the second age class of cod and haddock, respectively were discarded. Some discarding of older fish was also assumed: 5% of the third age class for both groups and then <0.5% for older fish. Studies have shown that large proportions of fish are dead when discarded or die soon afterwards (Alverson 1994, Fig. 3 . -Simulated biomass and landings of cod and haddock compared with biomass estimates and landings data using three metrics: Pearson's correlation (r), model reliability (RI) and model efficiency (MEF). Pálsson et al. 2003b) . It was assumed that all discarded fish in the model would die and therefore go into the discard detritus group. The fate of discards in Icelandic waters is not known, which makes it difficult to determine which groups should feed on the discards. A study has shown that the northern fulmar is dependent on discards in Icelandic waters, where up to 40% of its diet contains discards, mostly blue whiting Micromesistius poutassou, redfish Sebastes sp. and Norway lobster Nephrops norvegicus (Lilliendahl and Sólmundsson 1997) . Discards of these groups were, however, not included in the current model. Therefore, the diet of the seabird group was only assumed to consist of around 5% of discarded cod and haddock. Cod and haddock were assumed to feed on discards but they were not assumed to be an important component of their diet.
The scenarios
Five different scenarios were compared (Fig. 4) : 1 -Status quo: A discard scenario as described above in the section "The discard model".
2 -More discards: A scenario in which the proportion of each age class for cod and haddock was increased from the status quo scenario. In this scenario all cod and haddock from the first two age classes were discarded and the discard rate was doubled for the other age classes.
3 -No discards: In this scenario no fish were discarded and all caught fish were landed.
4 -Improved selectivity: Reduced selectivity on younger fish and no discarding.
5 -Perfect compliance: knife-edged selectivity at the minimum landing size.
In these five different scenarios, only the discarding parameters were changed. The harvest rate remained the same for the older age classes in all scenarios but was lower for the younger age classes in scenarios where the selectivity was reduced on younger fish (scenarios 4 and 5). Also, parameters that controlled the feeding and diet composition were kept the same in all scenarios. This means that if discarded material is increased then it will also increase in the diet of groups already consuming discards and vice versa.
Ecological and economic indicators
Demersal fisheries
An economic indicator, i.e. profit, was calculated for five demersal groups (cod, haddock, saithe, redfish and Greenland halibut Reinhardtius hippoglossoides). This indicator of profit is for the society but not for the individual fisher, so the cost of labour is not taken into account.
The price of fish was taken as the average for 2012, acquired from the Fresh-Fish Price Directorate (http:// verdlagsstofa.is/). The price of fish depends on the weight of the demersal fish except for Greenland halibut. The prices of cod and haddock are given for every 100 g and for every 50 g for redfish. The price of saithe is only different for four weight categories and a fixed price is given if the fish are under the minimal legal size (Fig. 5) . If a fish from the model weighed more than the maximum weight in the price tables, the price was set as the maximum price.
The modelled cost was adapted from Björnsson and Hjörleifsson (2015) . The cost per ton of yield was considered, because the fisheries model is not based on effort. The cost of oil, gear, maintenance and depreciation was 44800 ISK per ton of caught fish in the year 
where B s,i,t is the biomass of demersal species s in scenario i at time t and γ=0.8. The value of γ is based on the relationship between catch per unit effort (CPUE) and stock size of cod (Anon. 2004) , which is then assumed to be the same for the other demersal species. The proportional change of CPUE (ΔCPUE) from time t to time t + k can be described as
where B t is the stock size at time t. Hence, if the biomass doubles, the CPUE will increase by 74% and the cost per ton harvested will subsequently decrease by 43%.
The profit for each species s in each scenario i at time t was calculated as
where Y w,s,i,t and D w,s,i,t are the total landings and discards of a certain weight group w of species s in scenario i at time t and p w,s is the price for that group. The profit was presented for cod and haddock individually but aggregated for saithe, redfish and Greenland halibut.
Pelagic fisheries
The most important pelagic species with commercial value are herring, capelin, blue whiting and the mackerel Scomber scombrus. These species have a schooling behaviour and costs associated with these fisheries have different characteristics from those of the demersal fisheries (Sandberg 2006) . The demersal fisheries use 63% of their fuel consumption when trawling, but the herring fisheries use only 5% of the total fuel for actual fishing (Björnson 2004) . Therefore, a different method for calculating economic indicators was used for the pelagic groups.
The stock size should not affect the cost of fishing in pelagic fisheries unless more time is spent searching for the schools when the stock size is low. In some herring fisheries in Norway the stock size did not have a significant effect on the cost of fishing (Sandberg 2006 ). It will therefore be assumed that the cost is constant per ton of harvested pelagic fish. This constant cost is however assumed to be different between the fisheries. It has been estimated that the fuel use associated with the fisheries is 20, 82 and 90 L per ton for capelin, herring and blue whiting, respectively (Björnsson 2004) . There is no estimate for mackerel but it will be assumed that the cost is the same as for the herring because it is harvested closer to land than the blue whiting.
In 2012 the fuel cost per pelagic trawler (freezertrawler excluded) in Iceland was 3839 million ISK (Statistics Iceland 2016) . That same year 126, 456, 40 and 67 thousand tonnes were harvested by these trawlers of herring, capelin, blue whiting and mackerel, respectively. The cost of fuel can then be divided between the different fisheries assuming the different fuel use and fuel cost per ton harvested (Table 2) . Total cost of fishing gear was 1135 million ISK and total cost of maintenance was 1487 million ISK in 2012 (Statistics Iceland 2016) . The cost of gear and maintenance was assumed to be the same for the four fisheries and the cost per ton can be seen in Table 2 . The profit (P s,i,t ) for pelagic species s in scenario i at time t then becomes ( )
where Y s,i,t and D s,i,t are the total landings and discards of species s in scenario i at time t, p s is the price per ton for that species and C s is the total cost per ton harvested. The profit was then aggregated over all pelagic species and over all demersal and pelagic species. Note that in this study the focus is on the relative change in profit between scenarios but not on absolute values and that a fixed cost is excluded from the cost functions for the demersal and pelagic fisheries.
RESULTS
Effects on commercial groups
The simulated discard rate for the status quo scenario was on average 1% and 7% by weight and 11% and 23% by numbers for cod and haddock, respectively (Fig. 6) . This corresponds to an average of 9.3 million individual cod and 11.5 million haddock being discarded annually. In scenario 2, in which more fish were discarded, the average discard rate went up to 3% and 18% for cod and haddock by weight and to 23% and 43% by numbers, which corresponds to 19.4 and 21.9 million discarded cod and haddock individuals, respectively. There were no discarded fish in the other scenarios.
The results from scenarios 2-5 were compared with the results from scenario 1, the status quo scenario. Increasing or reducing the discard rate (scenarios 2 and 3) had very little effect on the biomass of cod and haddock and resulted in a change of <0.5% from the status quo scenario (Fig. 7) . On the other hand, improving the selectivity and avoiding discarded fish and juveniles (scenarios 4 and 5) had positive effects on the biomass, with an average increase in cod biomass from the status quo scenario of 4% and 9% for scenarios 4 and 5, respectively. The average increase was higher for the haddock: 13% for scenario 4 and 28% for scenario 5. The difference was, however, more appreciable later in the period than at the beginning. For example, the increase in biomass for cod in the first 10 years was 2% in scenario 5 but 13% in the last ten years of the simulation (Fig. 7) . The biomass of the other demersal spe- cies (saithe, redfish and Greenland halibut) and pelagic species (capelin, herring, blue whiting and mackerel) was very similar on average in all scenarios (Fig. 7) . The largest difference in other demersal biomass was 1% on average between the status quo scenario and scenario 4 for the last 20 years of the simulation. The pelagic biomass was 1% lower on average for the last 20 years of the simulation in scenario 5 than in the status quo scenario. When biomass of all commercial species is considered, the average difference was <0.5%, except in scenario 5, where it was 2% higher than in the status quo scenario.
Increasing the discard rate resulted in decreased landings of cod and haddock, as expected (Fig. 7) . The average decrease was, however, only 2% for cod but 12% for haddock. Scenario 3 where no fish were discarded had 0.8% and 7% more landings for cod and haddock on average than the status quo scenario. The improved selectivity of scenario 4 and 5 resulted in higher biomass and consequently also in higher landings compared with the status quo scenario. The cod landings were 4% and 9% higher in scenarios 4 and 5 and haddock landings were 16% higher in scenario 4 and 25% higher in scenario 5. The effects of improved selectivity on landings were delayed, i.e. the difference between the two scenarios and the status quo scenario was larger towards the end of the simulation than at the beginning. The average difference in demersal and pelagic landings was negligible between scenarios and the difference in landings of all commercial species was largest for scenario 5, in which the average landings were 3% higher than in the status quo scenario.
The profit from the cod fisheries decreased by 1% over the whole simulated period when the discard rate was increased (scenario 2), but it increased by 0.7% when all fish were landed (scenario 3). Scenarios 4 and 5 gave 5% and 11% more profit, respectively, than the status quo scenario for cod. The difference between scenarios was greater for haddock, with scenarios 4 and 5 giving respectively 24% and 43% more profit over the whole period than the status quo scenario. Bringing all fish to land gave 7% more profit than the status quo scenario but the scenario in which more fish were discarded gave 11% less profit for haddock. There was no difference in profit for the demersal species for the first 30 years of the simulation, but in the last 10 years there was a slight difference on average between the scenarios (<1%). The average profit in the pelagic fisheries was very similar in all scenarios (Fig. 7) . The average change in profit when all the fisheries were considered was very similar to the changes in the cod fisheries. The average profit was 5% and 10% higher in scenarios 4 and 5, respectively, than in the status quo scenario. Scenario 3 gave 1% more profit and scenario 2 gave 2% less profit than the status quo scenario.
Ecological effects
The increased biomass of cod and haddock when selectivity was improved (scenarios 4 and 5) did not have much effect on other vertebrate groups in the system. Most fish groups decreased slightly in biomass when the biomass of cod and haddock increased, though the pelagic groups showed different fluctuations in biomass. The top predators (pinnipeds, tooth whale and sharks) that had cod and haddock in their diet increased in biomass. The largest effects were observed to be on flatfish, sandeel and pinnipeds. In comparison with the status quo scenario, the flatfish had 3% and 7% lower biomass in scenarios 4 and 5, respectively, and the pinniped group had 1% and 3% higher biomass, respectively. The biomass of sandeel also benefitted from improved selectivity of cod and haddock, and in the last ten years the biomass was 9% higher than in the status quo scenario. Seabirds are the group in the model that feeds the most on discards. It had 4% higher biomass in scenario 2, in which the discard rate was increased, than in scenario 3, in which there were no discards. The seabird biomass was lowest in scenario 5, with a value 5% lower than in the status quo scenario in the last ten years of the simulation (Fig. 8) . 
DISCUSSION
The discard rate
The simulated discard rate of haddock in the status quo scenario ranged from 3% to 12% by weight and from 9% to 39% by numbers over the 65-year period. These values are comparable to available estimates from 1988 to 2000, which ranged from 8% to 22% by weight and from 12% to 50% by numbers (Pálsson 2002) . The average number of discarded haddock in the status quo scenario was 11.5 million fish or 3460 t, which is close to the estimate of 8.4 million fish corresponding to 4852 tonnes (Pálsson 2002) . Active monitoring of discards began in 2001 and the discard rate has been estimated to be lower after the turn of the century, when it ranged from 1% to 5% by weight and from 3% to 10% by numbers (Pálsson et al. 2012) . Estimates of discard rate of cod are only available from 2001 and range from 0.2% to 2.4% by weight and 0.5% to 5.6% by numbers. The discard rate of cod simulated by the model ranged from 0.4% to 2% by weight and from 6% to 19% by numbers. The model projects more discarding of younger and smaller fish than was estimated, but it is likely that the discard rate of cod was higher before 2000, in accordance with the discard rate of haddock. The discard rate for cod and haddock in the status quo scenario could therefore be similar to what it was in Icelandic waters, at least before 2000. The discard rate in Icelandic waters is considered to be low: by comparison the discard rate by numbers in the North Sea has been estimated to be 20% to 48% for cod and 30% to 41% for haddock (Cotter et al. 2002) . However, the method used to estimate discards in Icelandic waters gives a lower bound on the discard rate as it is based on length composition but does not consider fish discarded in other fisheries such as shrimp fisheries.
The discard behaviour cannot be modelled with the present fisheries model. For example, the discard rate of small and medium-sized fish has been observed to be higher when the stock is low (Pálsson 2002 ), but the model cannot track this behaviour. Despite this flaw, the study should give insight into the effects of fishing and discarding unwanted catch.
Effects of discarding on commercial species
Discarding more fish or landing all fish as in scenarios 2 and 3 had little effect on the biomass of the commercial species, as the fishing mortality was the same as in the status quo scenario. It also had little effect on the landings and profit, as the biomass of the discarded fish is low, even though their numbers are high. Another study on the effect of discards in the North Sea showed that landing discards had no effect on the stock size of fish groups (Heath et al. 2014) .
In scenario 3, it was assumed that there was 100% compliance with a discard ban. In countries where the discard ban has been enforced discarding still exists (Condie et al. 2014) . Bringing all caught fish to land is something fishermen could do as long as they have enough space onboard their vessel. In this scenario it, was assumed that a total allowable catch (TAC) did not constrain the catch. This is not realistic for Icelandic waters and hence the landings and profit are higher than they should be if a TAC were in place. Fulton et al. (2007) tested different management scenarios with an Atlantis model which included a dynamic fisheries model. Their study showed that compliance with the discard ban may result in a change in fishermen's behaviour and a change of fishing grounds. The current study did not have a dynamic fisheries model, so this aspect could not be studied.
Effects of improved selectivity on commercial species
The increase in landings in scenarios 4 and 5 compared with the status quo scenario was almost as high as the increase in biomass, though the juveniles were targeted less or not at all whereas they accounted for around 10% of the total landings of haddock in the status quo scenario. The positive effects of not fishing juveniles were delayed. It took four years for the first cohort to reach the fishable stock and 20 years to reach the oldest age. Not fishing juveniles also meant larger spawning stock biomass, which led to increased number of recruits, but the increase did not peak until after more than 20 years, when the recruitment was 4.6% and 9.1% higher for cod and haddock, respectively.
The profit from the fisheries was much higher in scenarios 4 and 5 than the landings indicated. The increased biomass resulted in less cost per harvested ton. The cost per ton was 5% lower in scenario 5 than in the status quo scenario for all fisheries combined but was as much as 31% less in the haddock fisheries. The higher the cost per ton in Equation 2, the larger the relative change in profit will be with increasing biomass. Therefore, if the cost of fishing were assumed to be higher, the relative change of profit from scenarios 4 and 5 would become greater. Note that the cost of fishing was assumed to be the same for all demersal species, but this is probably not the case, because haddock is fished closer to land than cod and redfish. Not only did the cost decrease but the average fish price increased because older and larger fish were being caught. The average price per kg of haddock was 3% higher in scenario 5 than in the status quo scenario. The combined effects of increased landings, decreased cost and increased price resulted in a 5% and 10% higher profit for all fisheries in scenarios 4 and 5 than in the status quo scenario. The modelled cost of fishing when juveniles are avoided may be underestimated, because the swept area would be the same unless avoiding juveniles is a result of different fishing grounds. There is also a cost associated with discards which is difficult to estimate: fish that are discarded need to be removed from the fishing gear and sorted (Pascoe 1997 ). This cost is mostly in the form of labour, which was not considered in this study.
The increased biomass, landings and profit from the commercial species in the improved selectivity scenarios are consistent with results from other modelling studies (Macher et al. 2008 , Colloca et al. 2013 . The study by Macher et al. (2008) on Nephrops fisheries showed that higher selectivity towards larger individuals resulted in higher biomass but led to decreased landings when only large individuals were fished, without a reduction in revenue.
Two of the scenarios explore the effects of improved selectivity, one in which discarded fish from the status quo scenario are not caught and another in which juveniles are completely avoided. Not fishing any juveniles is a very difficult, if not impossible, task; it makes scenario 5 a utopian scenario but clearly an ideal one as it gave much more profit than the other ones. There have been improvements in selectivity in Icelandic fisheries in the last century when the mesh size was increased and a real-time closure system was implemented (Páls-son 2002 , Schopka 2007 . Further improvements are possible as new fishing gear and technology along with new fishing practices are being developed and tested. Ongoing projects have been set up with this aim, such as the MINOUW project (http://minouw-project.eu/) and Discardless (http://www.discardless.eu/). A previous project in which fishers designed their own fishing gear led to improved selectivity, and discards were reduced by 52% (Armstrong and Revill 2010) . There are a number of other measures, in addition to more selective gear, that can be implemented to improve selectivity and reduce discards, such as having an observer or remote electronic monitoring (REM) system onboard vessels. Fishermen behaviour has been observed to change when REM equipment was installed onboard their vessels, leading to more selective fishing (Course et al. 2011) . The attitude of fisherman is also believed to be an important factor in selective fishing and discards (Valdemarsen 2003) . Increasing their awareness to change their attitude and fishing behaviour is therefore an important component to consider in improving selectivity.
Ecological effects
Seabirds were the group in the model that fed the most on discarded fish. The discards made up around 5% of their diet in the status quo scenario and 10% in the scenario with more discards. They fed mainly on sandeel but when the sandeel population collapsed, large zooplankton, capelin, herring, shrimp, megazoobenthos and discards become more important. The seabird biomass was lowest in the scenarios in which there were no discards and highest in the scenario in which the discard rate was increased. The increased discards were, however, not sufficient to compensate for the collapse of the sandeel population, and the seabird group also collapsed in that case.
The changes in biomass of the commercial groups in the scenarios had a slight impact on other groups in the model. The reason for the changes were threefold: 1) the increased biomass in scenarios 4 and 5 caused more feed for the top predators, which increased their biomass; 2) the increased biomass of cod and haddock resulted in increased predation mortality of their prey species, leading to decreased biomass of those groups; and 3) the changes in the commercial groups had an indirect effect on another group, leading to changes in the lower trophic levels (e.g. zooplankton), which cascaded through the food web, causing several fluctuations in biomass of some of the groups, especially the pelagic fish groups.
Sandeel was a group that was affected, especially towards the end of the simulation. It is not obvious what causes the changes in the sandeel biomass, but a sensitivity study that was conducted on this model showed that sandeel was most sensitive towards changes in saithe, redfish, flatfish, blue whiting and seabird groups. Most of the changes are probably attributed to changes in the seabird group, which is its main predator, but also to changes in the flatfish group, which competes for the same prey as the sandeel.
Another study on the effect of landing discards and improving selectivity in the North Sea using an ecosystem model showed that landing discards had negative impacts on seabirds and mammals (Heath et al. 2014 ), a finding which is consistent with those of the present study. Heat et al. (2014) did, however, observe that seabirds and mammals could benefit from improved selectivity (depending on fishing pressure), which was not the case for the seabirds in the present study, though some of the mammals (e.g. pinnipeds) showed increasing biomass. There were only minor ecological effects of discards in this study, but it should be noted that only discards of cod and haddock, which have low discard rates, were considered. Considerable amounts of discarded redfish and blue whiting are likely to occur in practice, as earlier studies have shown that the diet of seabirds can consist of up to 40% of discards, which are mainly from these two groups (Lilliendahl and Sólmundsson 1997) . Non-commercial discards and over-quota discards of other commercial species are also not included in the study, but there are no estimates of these types of discards for Icelandic waters. Stronger ecological effects are expected if all possible discards of all groups are considered.
CONCLUSION
The Atlantis modelling framework can be used to test different discarding and selectivity scenarios and to evaluate the impact on the harvested groups and on non-commercial groups in the system. This study showed that landing all discarded fish has little affect when the discard rate is low. Improving selectivity and avoiding the fish (juveniles) that would usually be discarded has great positive benefits. The biomass and landings increase and the profit from the landings is amplified because the cost per ton decreases with increasing biomass and the price of the fish also increases because larger fish are caught. It can therefore be concluded that selectivity is an important factor that should be improved by developing new fishing gear and adopting new fishing practices. 
